Time dependence of the enhancement effect of chemical enhancers: Molecular mechanisms of enhancing kinetics.
Chemical enhancers are widely used for facilitating drug penetration in transdermal drug delivery system (TDDS). However, there is a lack of knowledge about how the enhancement effect changes over time. In this study, on the basis of kinetic parameters of enhancement effect, molecular details of the dynamic enhancement process was described and a new hypothesis of the recovery mechanism of the skin barrier function was proposed. Using pretreated skin and flurbiprofen patch, the effects of Azone (AZ) and menthyl decanoate (MT-10) were evaluated with in vitro permeation experiment and further confirmed by confocal laser scanning microscopy (CLSM) and TEWL. The results showed that the enhancement ratio (ER) increased firstly, then reached a plateau and finally decreased. The enhancement effect of MT-10 was slower (Tonset, MT-10>Tonset, AZ), weaker (ERmax, MT-10<ERmax, AZ) and shorter (Teff, MT-10<Teff, AZ) than that of AZ. According to the results of CLSM, ATR-FTIR and molecular dynamic simulation, the dynamic enhancement effect was caused by the variation of the diffusion coefficient of intercellular lipid in the stratum corneum (SC), which was dependent on the affinity between enhancers and lipid. Moreover, the skin barrier function recovered although a large amount of enhancers still existed in the SC. Additionally, according to the results of ATR-FTIR, molecular docking and skin retention study, the dynamic effect of AZ on the skin protein only induced skin irritation but showed no influence on drug penetration, so did the amount of the enhancer. In conclusion, dynamic enhancement effect was caused by the dynamic effect of the enhancer on the SC intercellular lipid, and the skin barrier function recovered by accepting the enhancer as a new component of the lipid bilayer.